In this work we shall derive expressions for the single and double lepton polarization asymmetries for the exclusive decay B → K * ℓ + ℓ − , using the most general model independent effective Hamiltonian. We have conducted this study with this particular channel as it has the highest branching ratio among the various purely leptonic and semi-leptonic decay modes, making this mode particularly useful for studying physics beyond the SM. We have also analyzed the effects on these polarization asymmetries, and hence the physics underlying it, when complex phases are included in some of the Wilson coefficients.
Introduction
As more and more experimental data is produced by B-factories our quest for finding new physics signatures in the various decay modes for low energy processes is increasing. The sheer volume of literature studying the possible signatures of different supersymmetric (and other) models in the context of B-meson decays evidences how promising a testing ground these rare decays, induced by the flavour changing neutral current (FCNC) b → s, are. Of the various hadronic, leptonic and semi-leptonic decays modes, based on the b → s transition of the B-meson, the semi-leptonic decay modes are extremely significant as they are theoretically cleaner, and hence very useful for testing various new physics models. These decay modes also have the advantage, like other semi-leptonic decay modes based on the quark level transition b → sℓ + ℓ − , in that they offer many more observables, such as the forward-backward (FB) asymmetry, lepton polarization asymmetries etc. These additional observables could prove to be very useful in testing the effective structure of these theories and hence the underlying physics. For this reason many processes like B → π(ρ)ℓ + ℓ − [1] , B → ℓ − ℓ + γ [2] , B → Kℓ + ℓ − [3] and inclusive process B → X s ℓ + ℓ − [4] [5] [6] studying various observables involving final state leptons pair have been studied in literature. But of the various decay modes of the B-mesons based on the transition b → sℓ + ℓ − the exclusive mode B → K * ℓ + ℓ − is one of the more attractive due to it having the highest standard model (SM) branching ratio. For this reason large number of observables in this decay mode have been studied [7] [8] [9] [10] [11] .
Previously Aliev et al. [8] studied the various single polarization asymmetries for this decay mode, where they used the model independent approach earlier proposed by Fukae et al. [5] . They were able to demonstrate that within the framework of a model independent theory, constrained by the experimentally measured values of the B → K * ℓ + ℓ − branching ratio , there existed regions where the possible new Wilson coefficients could generate considerable departures from the SM. However, as pointed out in by London et al. [12] some of the single lepton polarization asymmetries may be too small to be observed, and hence merely the single lepton polarization asymmetries may not provide a sufficient number of observables to crosscheck the structure of the effective Hamiltonian. With this in mind more observables are required.
Further to this there has been in the recent observations of the B → ππ and B → πK decays hints of possible anomalies unexplainable within the SM [13, 14] . These anomalies arise when we try to match the pattern of data from the B-factories with theory. The recent Belle and BaBar data regarding the B → ππ mode can be easily explained by taking into account the non-factorizable contributions. Note that the B → ππ channel is not greatly effected by the electroweak (EW) penguin diagrams and therefore one can extract the hadronic parameters from this by assuming isospin symmetry. Using the SU(3) flavour symmetry we can determine the hadronic B → πK parameters from the relevant B → ππ modes. As has been pointed out some time back by Buras et.al., [13] , which has been revived in many later works [14] , this procedure works very well and gives us a good match between theory and experimental results as long as we are analyzing those modes which are not greatly affected by the EW penguin diagrams. However, if we try to repeat the same sort of exercise for modes like B d → π 0 K S , which are dominated by EW penguins, then there is a substantial disagreement between theory and experimental data [13] . Lately some solutions of this "B → πK puzzle" are being tested and almost all of these propose EW penguins which are size-ably enhanced not only in magnitude but also in their CP-violating phase, which can become as large as -90 o . This proposal is a very interesting one and can significantly affect many other decay modes. Rather detailed studies of this proposal have been carried out by Buras et al. [13] leading to possible predictions of substantial enhancements in the branching ratio of many leptonic and semi-leptonic decay modes, which will soon be tested in B-factories. This sort of possibility forces us to consider the option of what could be the possible changes expected in various kinematical observables, such as the branching ratios, FB asymmetries and various polarization asymmetries, if some of the Wilson coefficients had such a huge phase (making them predominately imaginary). Note that with this in mind we have analyzed this in an earlier work [15] for the inclusive decay mode B → X s ℓ + ℓ − . In that study we estimated the variation in the polarization asymmetries in the inclusive mode if we modified the bsZ vertex. In this work we also explored the option of having some of the Wilson coefficients having large CP violating phases. This sort of approach of finding out the effects of extra phases in Wilsons on various kinematical observables like branching ratio, partial width CP asymmetry, forward backward (FB) asymmetry and single lepton polarization asymmetry in B → K * ℓ + ℓ − have been followed in earlier works [16] . In this current study we shall also try to analyze what effects there shall be on the various polarization asymmetries in the B → K * ℓ + ℓ − decay.
In this study we will work in a model independent framework by taking the most general form of the effective Hamiltonian and then analyzing the effect on polarization asymmetries if the Wilson coefficients (mainly the coefficients which correspond to vector like interactions) have an extra phase. Keeping this eventual aim in mind, this paper shall be organized as follows: In section 2 we shall introduce the most general form of the effective Hamiltonian, obtaining (in terms of the forms factors for the B → K * transition) the matrix element for the B → K * ℓ + ℓ − decay and the unpolarized cross-section. In section 3 we shall define and calculate the various single and double polarization asymmetries, followed in section 4 with our numerical analysis. We shall also include a discussion of these results and our conclusions in this final section.
The Effective Hamiltonian
We know, from the paper by Fukae et al. [5] that together with the terms proportional to our conventionally defined C 7 (written below as C SL and C BR for terms corresponding to the standard −2m s C 7 and −2m b C 7 terms respectively), C 9 and C 10 (which can be redefined in terms of C LL and C LR ) we have ten independent local four-Fermi interactions which contribute to the FCNC transition, b → sℓ + ℓ − ; 1) where q represents the momentum transfer (q = p B − p K * ), L/R = (1 ∓ γ 5 )/2 and the C X 's are the coefficients of the four Fermi interactions. Among these there are four vector type interactions (C LL , C LR , C RL and C RR ), two of which contain contributions from the SM Wilson coefficients. These two coefficients, C LL and C LR , can be written as;
Eqn.(2.1) also contains four scalar type interactions (C LRLR , C RLLR , C LRRL and C RLRL ) and two tensor type interactions (C T and C T E ).
We shall now follow the standard techniques, as seen in references [5, [7] [8] [9] of rendering the quark level transition above to a matrix element which describes the exclusive process B → K * ℓ + ℓ − , that is, by parameterizing over the B and K * meson states in terms of form factors. Using the form factor expressions derived in the paper by Ball et al. [17] we express our hadronic matrix elements as;
3)
Note that the parameterization of these form factors can be found in Appendix B.1. Using these form factor expressions our matrix element for the decay B → K * ℓ + ℓ − can be expressed as;
where;
Using the above expression we can calculate the unpolarized decay rate as;
s is the dilepton invariant mass. The function ∆ is defined in Appendix B.2.
Lepton polarization asymmetries
In order to now calculate the polarization asymmetries of both the leptons defined in the effective four fermion interaction of Eqn.(2.1), we must first define the orthogonal vectors S in the rest frame of ℓ − and W in the rest frame of ℓ + (where these vectors are the polarization vectors of the leptons). Note that we shall use the subscripts L, N and T to correspond to the leptons being polarized along the longitudinal, normal and transverse directions respectively [2, 4, 6, 8, 12] . 2) where p + , p − and p K * are the three momenta of the ℓ + , ℓ − and K * particles respectively. On boosting the vectors defined by Eqns. (3.1,3.2) to the c.m. frame of the ℓ − ℓ + system only the longitudinal vector will be boosted, whilst the other two vectors remain unchanged. The longitudinal vectors after the boost will become;
The polarization asymmetries can now be calculated using the spin projector 1 2 (1 + γ 5 S) for ℓ − and the spin projector
Equipped with the above expressions we now define the various single lepton and double lepton polarization asymmetries. Firstly, the single lepton polarization asymmetries are defined as [2, 4, 6, 8, 12] ; 4) where the sub-index x can be either L, N or T . P ± denotes the polarization asymmetry of the charged lepton ℓ ± . Along the same lines we can also define the double spin polarization asymmetries as [12] ; 5) where the sub-indices x and y can be either L, N or T . The single lepton polarization asymmetries are then;
And the double polarization asymmetries are;
9)
10) 12) 13 )
14)
Numerical analysis, Results and Discussion
In this final section we shall present the results of our numerical analysis. As such, the input parameters which we have used, in order to calculate the various Wilson coefficients defined in Eqn.(2.1), are listed in Appendix A. For our SM calculations in particular we have been chosen C 7 = −0.313 and C 10 = −4.669.
we have considered only the short distance contributions, although C ef f 9 does receive long distance contributions associated withcc intermediate states, such as resonances from J/Ψ; these are negligible in the current context. Note also that the form factor definitions which we have used in describing the hadronic transition are listed in Appendix B.1. There are in all 12 Wilson coefficients. Of these C SL and C BR can be related to the SM Wilson C ef f 7 by;
As the magnitude of C ef f 7 is very well constrained by b → sγ observations we will take the values of the Wilson coefficients C SL and C BR to be fixed, given by Eqn. (4.1) . Among the vector type coefficients C LL , C tot LR , C RL and C RR two of them, namely C LL and C tot LR , are already defined in terms of the SM Wilson coefficients, (C ef f 9 − C 10 ) and (C ef f 9 + C 10 ) respectively. The remaining vector type interaction coefficients C RL and C RR are taken to be free parameters. The coefficients of the scalar type interactions, namely C LRLR , C RLLR , C LRRL and C RLRL , and the tensor type interactions, C T and C T E , are also taken to be input parameters.
As already discussed in the introduction in order to explain the B → ππ and B → Kπ puzzle a large phase in the electroweak penguin diagrams has been proposed [13] . This suggestion was initially made by Buras et al. some time back [13] and has lately been revived by many other groups [14] . Recently the implications of this suggestion on a variety of hadronic, leptonic and semi-leptonic processes has been studied. But as emphasized in our earlier work on the inclusive decay mode B → X s ℓ + ℓ − [15] the polarization asymmetries could also significantly deviate from their SM values if there was a large phase in the electroweak penguins. This sort of study has also been carried out by Aliev et al. [16] , where they tried to estimate the variation in the single polarization asymmetries for the exclusive process B → K * ℓ + ℓ − where the Wilsons had some extra phase. Aleiv et al. in their study of the single lepton polarization asymmetries in the exclusive process B → K * ℓ + ℓ − also emphasized the importance of the tensorial interactions on various asymmetries [8] . They concluded that single polarization asymmetries are very sensitive to scalar and tensor type interactions. In our earlier work [18] we demonstrated the supersymmetric effects on various double polarization asymmetries in B → K * ℓ + ℓ − , where supersymmetry predicts the existence of scalar and pseudo-scalar operators in the large tanβ region 3 [19] . However, in this previous study we did not include the tensorial structures. In this current work we will use the most general form of the effective Hamiltonian to study the effects on various polarization asymmetries. We shall also include the extra possible phase from the electroweak penguin sector. Note that in this paper these additional effects from the electroweak penguin sector, which can give effective structures similar to those given in Eqn.(2.1) with coefficients C LL , C LR , C RL and C RR , will all be given an additional phase. As already stated in section 2 two of these coefficients, namely C LL and C LR , can be parameterized in terms of C 9 and C 10 . Therefore we shall only consider effects of a new phase in the C 10 , C RL and C RR coefficients. For this purpose we will parameterize these coefficients as;
2) (2), but for ℓ − longitudinal and ℓ + transverse.
As the majority of our results involve the polarization asymmetries, listed in the previous section, which are dependent on the scaled invariant mass (ŝ), it is experimentally useful to consider the averaged values of these asymmetries. Therefore we shall present only the averaged values of the polarization asymmetries in our results using the averaging procedure defined as; (2), but for both leptons polarized in the normal direction.
As can be seen from this graph the largest variation in the branching ratio corresponds to tensorial type interactions.
Figures (2)- (10) represent the various double polarization asymmetries plotted as functions of the various Wilson coefficients. In these plots we have assumed that all the Wilson coefficients are real. In all cases we have varied the Wilson coefficients over a range of -3 to 3. It is also apparent that as in the case of the branching ratio, the greatest variation of the various double polarization asymmetries corresponds to the tensorial type interactions. From the graphs of the polarization asymmetries we can also see substantial variations for various other values of the Wilson coefficients. The major change is that produced in the plots of < P LL >, < P LT >, < P N N >, < P N T >, < P T L >, < P T N > and < P T T > where the respective asymmetry can even change sign for certain values of the Wilson coefficients! Note that in these plots we have only shown those asymmetries which are larger than 10 −3 . As such the variations of C LL , C RL and C LR , in the respective asymmetries for Figures (7) and (9), are not shown.
Note in particular that the < P LL > in Figure (1) shows substantial dependence on the C LR , C LRLR , C RLLR , C RR , C T and C T E coefficients in which the magnitude of the asymmetry can change by more than 100%. Of major significance is that the tensorial operators can even change the sign of this asymmetry. A very similar sort of behaviour is exhibited by these Wilson coefficients for < P LN >, < P N L > and < P N T >, except here in the case of < P LN > and < P N L > the sign of the asymmetry does not change. We can also see in Figure ( (11) and (12) we have plotted integrated polarization asymmetries as a function of the phase φ 10 . In Figure (11) we have used the SM value C 10 = 4.669 for the magnitude of C 10 . Note that we have only shown those asymmetries which vary with the inclusion of φ 10 . In Figure  ( 12) we have plotted the same variables but with an increase in the magnitude of C 10 , namely we have chosen |C 10 | = 9. This value has been chosen to correspond with the value calculated by Buras et al. [13] which they predict in order to solve the B → ππ and B → Kπ puzzle. They say that C 10 should be complex with a magnitude almost twice that of its SM value with a phase which should make it almost imaginary. As can be seen in both the Figures there is a substantial deviation as the phase, φ 10 , is changed.
In Figure (13) we have plotted the correlations of various polarization asymmetries and branching ratio of B → K * τ + τ − . In this plot we have varied the phase φ RL in a range of 0 ≤ φ RL ≤ π. Finally in Figure (14) we have drawn the same sort of plot but for C RR . As we can see from these graphs some of the polarization asymmetries can change sign as we vary the phase of the C RL and C RR Wilsons.
We can summarize that various polarization asymmetries show a strong dependence on the scalar and tensorial interactions. Also the phase of the Wilson coefficients can give substantial deviations in the polarization asymmetries. This is of great importance as various polarization asymmetries have different bilinear combinations of Wilsons and hence have independent information. Hence they can be very useful in not only estimating the magnitude of the various Wilson coefficients but also in providing information regarding their phases. 
